tive compounds in the oil were investigated by the GC-O and AEDA analyses.
EXPERIMENTAL

Plant material
PINELLIA TUBER was purchased from Ohsugi Pharmaceutical Co., Ltd. Osaka, Japan and used for extracting essential oil.
Isolation of the essential oils
Milled PINELLIA TUBER 100 g was subjected to hydrodistillation for 2 h using a Likens-Nickerson-type apparatus and diethyl ether. The diethyl ether solution of the essential oil obtained was dried over anhydrous sodium sulfate, and the solvent was evaporated to afford a colorless oil 0.059 g, 0.06 yield . The oil was kept in sealed sample tube and stored at 30 in a freezer prior to GC and GC-MS analyses.
Gas chromatography GC
The GC analysis was performed using an Agilent Technologies-6890 gas chromatograph equipped with a FID detector, and capillary column, HP-5MS Agilent Technologies, USA fused silica capillary column 30 m 0.25 mm i.d., 0.25 μm film thickness composed of 5 phenylmethylpolysiloxane or DB-WAX Agilent Technologies fused silica capillary column 15 m 0.25 mm i.d., 0.25 μm film thickness . The temperature gradient was programmed from 40-260 at a rate of 4 /min and held at 260 for 5 min HP-5MS column , from 40-240 at 4 /min and held at 240 for 10 min DB-WAX column . Helium was used as the carrier gas at a flow rate of 1.5 mL/min; the injector port and detector temperatures were 270 and 280 , respectively.
Gas chromatography-mass spectrometry GC-MS
The GC-MS analysis was performed using an Agilent Technologies-5973-MSD apparatus equipped with a HP-5MS Agilent Technologies fused silica capillary column 30 m 0.25 mm; 0.25 μm film thickness composed of 5 phenylmethylpolysiloxane and DB-WAX Agilent Technologies fused silica capillary column 15 m 0.25 mm i.d., 0.25 μm film thickness . The injector and detector temperatures were 270 and 280 , respectively; the actual temperature in the MS source reached up to approximately 230 , and the ionization energy was 70 eV. The mass scan range was 40-450 m/z at a sampling rate of 2.4 scan/s. The oven temperature was programmed as in the GC-FID analysis. After 10 mg of the sample oil was diluted with 500 mL of diethyl ether, 1 mL of the diluted sample was injected into the instrument, and the split ratio was 1:10.
Gas chromatography-olfactometry GC-O
The GC-O analysis was performed using an Agilent Technologies-6890 gas chromatograph/Agilent 5973-MSD and the Olfactory Detection port 2. The GC condition depended on the capillary columns HP-5MS, 30 m 0.25 mm i.d. . The oven temperature was programmed as in the GC-FID analysis. One μL of the oil was injected. At the exit of the capillary column, the effluent was split into the channels to the mass detector and a sniffing port. The split ratio was 1:1. The chemistation software was connected to two channels from the olfactometer signal board.
NMR spectroscopy
The nuclear magnetic resonance NMR spectra were recorded at 400 MHz for 1 H and 100 MHz for 13 C using a JEOL AL-400 spectrometer, TMS as the internal standard and CDCl 3 as the solvent.
Aroma extract dilution analysis AEDA
The flavor dilution FD factor of the odorants in the essential oil was determined by the AEDA of the following dilution series 21 . The highest dilution was defined as FD-factor 1. The oil was stepwise diluted 1:1, v/v by adding diethyl ether. The aliquots were then analyzed by GC-O using the capillary column HP-5MS. The highest dilution at which an individual compound could be detected was defined as the FD-factor for that odorant.
Chromatography of essential oil
The essential oil from PINELLIA TUBER 120 mg was separated by silica gel column chromatography Merck 200 mesh , into four fractions as follows; fr. 1 48 mg , fr. 2 42 mg , fr. 3 9 mg , and fr. 4 21 mg , eluted successively with n-hexane, n-hexane/EtOAc 9:1 , n-hexane/EtOAc 3:7 , and EtOAc, respectively.
Identi cation and quanti cation of compounds
The compounds were identified based on the comparison of their retention indices RIs and mass spectra from the published data, literatures, previous studies 22 30 , and digital libraries Mass Finder 4, NIST02, and Aroma Office version 3.0, Nishikawa-Keisoku Co. Ltd., which includes 72,120 entries of RI of aroma compounds and their literature sources. The RIs were calculated by using a homologous series of n-alkanes C 8 -C 27 , using the HP-5MS column. In addition, atractylon 93, fr. 2 , as suggested by the MS spectral analysis, was confirmed by the comparison of its 1 H-and 13 C-NMR spectral data with the literature data 31 33 .
The quantitative composition of the oil was determined by the GC FID analysis by assuming the total concentration of the oil to be 100 . The quantitative analysis of the odor-active compounds was based on the calibration curves within the concentration range 0.5-1,000 μg/mL. 
RESULTS AND DISCUSSION
The essential oil obtained from PINELLIA TUBER by hydrodistillation had a spicy and woody odor. The total ion chromatograms TIC are shown in Fig. 1 . The oil obtained revealed the presence of 114 compounds, representing 90.6 of the total oil identified. Only seven compounds were identified in the previously study 19 namely, benzaldehyde 4 , 2-pentyl furan 6 , terpinen-4-ol 24 , pulegone 33 , 2-undecanone 40 , γ-elemene 59 , and aromadendrene 60 . The percentage compositions of the constituents of the oil are listed in , and ketones 5.1 . In addition, the terpenes accounted for about 58.8 of the total oil content. In particular, 35 sesquiterpenes were present, accounting for 50.6 of the essential oil. In the sesquiterpenes, cadinane was the most common skeleton, in 10 compounds accounted for 15.0 of the total oil content.
The compound in many crude drugs, methyl eugenol 55; 6. 2 , was also present in the PINELLIA TUBER oil 31 37 .
Moreover, characteristic compounds were also found in the oil. Viridene 20 has been reported to be present in the essential oils from the Apiaceae family plants such as, Ligusticum grayi 41 , Ligusticum mutellina 42 , and Meum athamanticum 43 . γ-Vetivenene 79 also has been reported to be present in the essential oil from Vetiveria zizanioides 44 , Vetiveria nigritana 45 , and Ferulago campestris 46 .
We found these interesting compounds for the first time in the essential oil from the Araceae family. Atractylon 93 is the main component in Atractylodes rhizome Japanese name: Byakuzyutu , which is also used as a crude drug in Japan, China, and Korea 47 . Nevertheless, atractylon 93 was found to be the main component in the essential oil from PINELLIA TUBER. Therefore, to further confirm its structure, the oil was divided into four fractions by silica gel column chromatography. Fraction 2 was rich in atractylon. Atractylon was isolated in pure form by repeated column chromatography. Its 1 H-and 13 C-NMR spectra were compared with the literature data 31 33 consequently, peak number 93 was identified as atractylon Fig.  2 . In order to identify the potent odorants contributing to the characteristic spicy and woody aroma of the oil, the AEDA method was performed through the GC-O analysis. The major odor-active compounds of the essential oil of PI-NELLIA TUBER were analyzed by GC-O and AEDA Table  3 . Consequently, 15 odor-active compounds were detected in the oil as the major odor-active compounds, and all of them were identified by the AEDA. The FD-chromatogram is shown in Fig. 3 . Most of the odor-active compounds emitted either a spicy or woody odor as confirmed by the sniffing test.
Based on the results of the FD-factor, safrole 39; FD 128 and β-vatirenene 75; FD 128 were shown to have the highest FD-factor. Thus, safrole 39 and β-vatirenene 75 mainly contributed to the characteristic spicy and woody odor of the essential oil from PINELLIA TUBER. In other words, they were the major odor-active compounds in the oil. Moreover, paeonol 61; FD 64 , α-humulene 62; FD 64 , and β-phenylnaphthalene 110; FD 64 had high FD-factors, followed by γ-elemene 59; FD 32 and ligustral 87; FD 32 . These compounds also contributed to the characteristic woody and spicy odor of the PI-NELLIA TUBER oil.
In terms of the chemical compositions, β-cubebene 49 , atractylon 93 , and methyl eugenol 55 were abundant, Fig. 1 The total ion chromatograms (TIC) of the essential oil from PINELLIA TUBER. even though these compounds were not detected by the sniffing test. Therefore, these compounds are less important odor-active compounds in the oil. Even if a particular compound is rich in an essential oil, it may not contribute to the odor of the compound. This study identified safrole 39; FD 128 and β-vatirenene 75: FD 128 as the major odor-active compounds in the essential oil from PINELLIA TUBER contributing to the characteristic spicy and woody odor. Odor description at the GC-sniffing port. c) FD-factor = Flavor dilution factor using AEDA method (FD-factor 1 = 10 mg/mL).
